We describe the combination of hot banding with fluorescence in situ hybridization as a rapid and efficient method to identify integration sites of transfected DNA sequences in chromosomes. As a test system we used SW480 EJ2, a clonal cell line obtained after transfection of SW480 with PSVzneoEJ, a plasmid containing a point-mutated, c-Ha-RAS oncogene. Nick-translated probes were compared with random primed-labeled probes to evaluate their relative efficiency in fluorescence in situ hybridization. The fluorescence signals were quantified in interphase nuclei by confocal scanning laser microscopy. Nick-translated probes were found to yield better results. Hot banding followed by fluorescence in situ hybridization localized the integration site of pSVzneoEJ in SW480 EJ2 at the site of a translocation on a marker chromosome Xp+. The combination of fluorescence in situ hybridization and hot banding can be used to (a) rapidly and efficiently analyze integration sites in large numbers of transfectants, (b) assess the donality of transfected cell lines, and (c) localize the site of integration of transfected genes in the recipient genome. ( JHistochem  Cytochem 40:1053-1058, 1992) 
Introduction
A variety of techniques can be applied to introduce foreign DNA into mammalian cells. One of the most widely used transfection techniques consists of the co-precipitation of DNA with calcium phosphate (1,2). It is assumed that with this technique integration of DNA introduced into chromosomes occurs at a random site (3-5). In contrast, McKenna et al. (6) found that in rat embryo fibroblasts which were morphologically transformed after transfection with the c-Ha-RAS gene, integration frequently occurred in chromosome 3. These authors postulated as an explanation the existence of a specific receptive integration site on this chromosome. This finding raises the question of whether cell alterations observed after gene transfection are determined only by the characteristics of the introduced gene or might also be modulated according to the site of integration. To answer the question of whether or not the integration site influences the expression of the transfected gene, and as such might modulate the ensuing alterations in cell behavior, it is necessary to visualize and localize the site of integration. By fluorescence in situ hybridization techniques (7) (8) (9) it is possible to visualize integrated DNA with more speed and with higher spatial resolution than with radioactive in situ hybridization techniques (10). In this study, probes labeled by nick translation were compared with random-primed labeled probes to develop an optimal procedure for fluorescent in situ hybridization.
To identify the integration sites on specific chromosomes it is necessary to generate a chromosome banding pattern combined with in situ hybridization. However, chromosomes treated with the routine banding techniques are not suited for in situ hybridization (11). One banding technique compatible with in situ hybridization requires the incorporation of BrdU in the late S-phase of synchronized cells, leading to R-banding after Giemsa staining (12-14). However, the synchronization of cells is a time-consuming and laborious process. Furthermore, a banding method has been described in which a low trypsin concentration is used to obtain banding, with improvement of the cytogenetic analysis by subse-quent fluorescence in situ hybridization with chromosome-specific centromere probes (15) . We chose to use a simple and rapid technique, the so-called hot banding (16). as an alternative procedure.
It is based on the principle first described by Sumner et al. (16) , who induced a banding pattern by incubating chromosome spreads in a hot saline-citrate solution. As test substrate we used the cell line SW480, derived from a human colon carcinoma (17), which was transfected in our laboratory with pSV2neoEJ, containing the point-mutated c-Ha-RAS oncogene (18) within the Bam HI site of the pSV2neo plasmid.
In this report we describe the combination of hot banding and fluorescence in situ hybridization with nick-translated probes to localize the integration site of a plasmid after transfection.
Materials and Methods
Cell Culture. SW480 EJ 2 was routinely cultured in DMEM supplemented with 5% fetal calf serum at 37°C in a humidified atmosphere with 5% C02. Gentamycin (Gibco, Grand Island, NY; G418) was added to the culture medium (800 pglml). The parent cell line SW480 is a human colon tumor-derived cell line (17) .
Transfection. The plasmid pSVsneoEJ, containing a 6.6 KB genomic Bam HI fragment of the c-Ha-RAS gene with a G-to-T transversion in the twelfth codon, was a kind gift of Prof. Dr. P. Cerruti. The plasmid pSV2neoEJ was used in transfection experiments with SW480. For transfection the protocol of Graham and van der Eb (1) was followed, with modifications as described by Chen and Okayama (2). procedures as described by Sambrook et al. (19) .
Chmmmme Prepantion and Banding. Exponentially growing cells were trypsinized and incubated with vinblastine (0.1 pglml) for 1 hr at 37°C. The cells were treated with a hypotonic solution (1% sodium citrate; 30 sec at 37'C) and fixed three times with methano1:glacial acetic acid 2:1 (vlv). Chromosome spreads were made on clean glass slides and air-dried. Metaphase slides were used for hot banding (16) , either 2 weeks after preparation or after overnight heating at 40'C.
In our hands we found optimal banding at 86°C in 2 x SSC. At 86°C an incubation time of 0.5 min is minimally required to induce banding. The quality of the banding diminished when incubation times were longer than 4 min. The optimal intubation period varied for each batch of chromosome suspension prepared within the incubation periods mentioned. The hot-banded metaphase spreads were Giemsa stained. Metaphases were located and photographed. Before in situ hybridization, slides were destained in methanol and air-dried after dehydration with a graded ethanol series.
Southern Blotting. Southern blotting was performed following routine Probe Labeling. The pSV2neo plasmid, 5.6 KB, was labeled with biotin (Enzo; New York, NY) or digoxigenin (Boehringer; Mannheim, Germany) by random-primed labeling (Boehringer) or nick translation (Enzo) according to the manufacturers' instructions. Labeled probes were purified by gel filtration on Sephadex G-50 columns equilibrated with 10 mM Tris-HCI, 1 mM EDTA, pH 7.8. Samples of the labeled probes were serially diluted and spotted on a nylon filter (Hybond) for spot-blot analysis.
The remaining probe was ethanol-precipitated in the presence of 50 times excess sonicated salmon sperm DNA and was dissolved in 50% deionized formamide, 2 x SSC, 50 mM phosphate, pH 7, at a concentration of 10 nglpl.
Spot-blot analysis of digoxigenin labeled probe was carried out with alkaline phosphatase-conjugated sheep anti-digoxigenin (Fab fragments; Boehringer), followed by NBT/BCIP reaction (Boehringer); spot-blot anal-ysis of biotin-labeled probes was done with peroxidase-conjugated avidin (Sanbio, Uden, The Netherlands), followed by DAB reaction.
In Situ Hybridization. This was performed according to Wiegant et al. (9) . Briefly, slides were pre-treated with RNAse A (100 pg/2 m12 x SSC) for 1 hr at 3 7 T , followed by treatment with proteinase K (Merck, Darmstadt, Germany; 0.1 proteinase KllOO ml2O mM Zis-HCI, 2 mM CaC12. pH 7.4) for 8 min at 37°C. Finally, the slides were dehydrated through an ethanol series and air-dried.
The hybridization mixture contained (per pl) 50% deionized formamide, 2 x SSC, 10% dextran sulfate, 50 mM sodium phosphate, pH 7; 2 ng labeled probe, and 100 ng sonicated salmon sperm DNA as carrier DNA. Ten pl of hybridization mixture were put on a slide, covered with an 18 x 18-mm coverslip, and sealed with rubber cement. Simultaneous denaturation of both probe and target DNA was done by placing the slide on an 80°C metal plate for 5 min. After this the slide was transferred to a moist chamber at 37°C and the hybridization proceeded overnight.
Post-hybridization Washings. Slides were immersed in 50% formamide, 2 x SSC, 50 mM phosphate, pH 7, at 45°C for 5 min to loosen the coverslips. After that the slides were washed three times for 5 min with 50% formamide, 2 x SSC, 50 mM phosphate, pH 7, at 45°C. Then they were washed for 5 min with 2 x SSC, 0.05% Tween-20 at room temperature.
Detection. Before the immunocytochemical incubations, the slides were blocked with 4 x SSC, 0.5% Blocking Reagent (Boehringer) for 10 min at room temperature. Slides to which biotinated probes were hybridized were incubated for 30 min at 37% with 5 pglml of avidin D-FIE (Vector; Burlingame, CA) diluted in 2 x SSC, 0.5% Blocking Reagent.
Slides to which digoxigeninated probes were hybridized were incubated for 30 min at 37°C with sheep anti-digoxigenin-FITC (Boehringer) diluted in 2 x SSC, 0.5% Blocking Reagent. After three washes of 5 min with 2 x SSC, 0.05% Tween-20, and a 5-min wash with PBS, the slides were dehydrated through a graded ethanol series and air-dried. Finally, the slides were embedded in anti-fade medium consisting of 2% 1,4-diaza-bicyclo-(2,2,2)-octane (DABCO; Sigma, St Louis, MO) in 9 parts glycerol and 1 part 0.2 M Tris-HCI, pH 7.5, containing 0.5 pg/ml 4,6-diamidino-2phenylindole (DAPI) as a general DNA counterstain for photomicrographs and image analysis. Photomicrographs of fluorescence images were taken on a Zeiss Axiophot microscope equipped for epi-illumination using Kodak 400 asa black-and-white film for photoprints. Image Analysis. Interphase nuclei were analyzed with a BioRad MRC 600 confocal scanting laser microscope, equipped with a mixed argonlkrypton gas laser. FITC fluorescence was excited with the 488-nm laser line and recorded using a 515 Ip bandpass filter. Settings were adjusted to prevent saturation of the image of the confocal plane with maximal fluorescence intensity. From a projection of a stack of confocal images, the average dot intensity per cell was measured and presented in arbitrary units. These were corrected for background levels as follows. A threshold gray level for the mean nuclear background was set arbitrarily, in such a way that in all nuclei the positive dots were visible. Gray levels above this threshold were integrated per cell and recorded as dot intensity.
Results
SW480 cells transfected with pSV2neoEJ were analyzed by Southern blotting to detect integration of the plasmid DNA into recipient DNA. stronger hybridization signals than random-primed labeled probes, regardless of the choice of label. By visual estimation, probes labeled with digoxigenin gave somewhat better results than probes labeled with biotin ( Figure 3) . The random-primed biotin-labeled probe did not yield a detectable signal ( Figure 3D) . A striking phenomenon was the occurrence of hybridization signals predominantly in the periphery of the interphase nuclei (Figure 3 ). To quantify the two different labeling methods after in situ hybridization, the intensities of the specific signals in interphase nuclei were measured with confocal scanning laser microscopy. The results are summarized in Table 1 . The signal intensity between individual nuclei showed a wide variation (Tables 1 and 2) . On the average, the nick-translated, digoxygenin-labeled probes yielded a threefold higher signal intensity than random-primed, digoxigeninlabeled probes. This difference was statistically significant (Table  1) . Similarly, nick-translated, biotin-labeled probes yielded a higher signal than random-primed, biotin-labeled probes, the latter remaining undetectable above background level. Finally, the digoxigenin signal appeared to be twofold higher than that of biotin for nick-translation labeled probes, which was statistically significant also ( Table 2) .
To localize the integration site of the plasmid in the SW480 EJ2 cell line, metaphase spreads were hot-banded, followed by fluorescence in situ hybridization. After hot banding, 100% of the metaphase spreads and interphase nuclei showed positivity in the fluorescence in situ hybridization, although the intensity of the signals varied widely and was less intense compared with not hotbanded preparations by visual observation. Figure 4A shows a hot-banded metaphase spread and Figure  4B shows the same metaphase spread after fluorescence in situ hybridization. The hybridization signal is seen as two bright spots. The chromosome was karyotyped as the X-chromosome, with a translocation possibly involving the 5q arm. The integration of pSVzneoEJ is localized at the translocation site. This marker chromosome was not found in the parent SW480 cell line.
Discussion
With a variety of transfection techniques it is possible to achieve stable integration of DNA sequences into a eukaryotic genome (1.2). The site of integration in the recipient genome can be relatively easily located by fluorescence in situ hybridization (7-9). Stable labels such as AAF (20) . BrdU (21) and, recently, digoxigenin (Boehringer), can be used as haptens, which can be visualized with antibodies conjugated with fluorochromes. or the biotin-avidin system can be exploited (22) . Probes can be labeled by nick translation or by random-priming labeling methods.
In theory, random-primed labeling should be superior, since a more efficient incorporation of labeled nucleotides into the probe is obtained as compared to nick translation. To determine optimal conditions for our experiments we compared both methods and found that nick-translated probes gave better signals than randomprimed labeled probes, regardless of the label used (Figure 3 ; Table 1). Nick-translated probes yielded detection levels similar to those of random-primed labeled probes, as analyzed by spot-blots (Figure 2) .
The cause of the difference in sensitivity in fluorescence in situ hybridization is not clear. The difference in signal intensities may be due to the labeling procedures. which were carried out as described in the manufacturers' protocols. In our hands, nick translation was optimal, although we d o not exclude the possibility that the procedure of random-primed labeling could be optimized so that the signal-to-background ratio may increase and match the nick-translation results. We determined, by confocal scan laser microscopy. that the hybridization signal ofdigoxygenin-labeled probes is. on average. twice as high as that of biotin-labeled probes (Tabla 1 and 2) and that for our purposes the method of choice is a nick-translated, digoxigenin-labeled probe, although in principle both labeling methods are applicable.
With fluorescence in situ hybridization the integration site in interphase nuclei was visualized. A recent study suggested that integration of plasmid DNA, introduced by calcium phosphate precipitation, might occur through non-homologous recombination (23). thus favoring random integration. The integration sites of our plasmid, however. appeared not to be randomly distributed but in most of the interphase nuclei were located at the periphery of the nucleus. Several explanations should be considered for this observation. First, plasmid DNA might integrate randomly into genomic DNA as soon as it is encountered at the periphery of the nucleus. Second, plasmid DNA might integrate randomly into genomic DNA throughout the nucleus. Once integrated, it has to be actively transcribed for the transfectant to survive in selective medium. Actively transcribed genes are mostly located in the nuclear periphery (24). Finally, active DNA sequenca might be more accessible to integration than inactive DNA sequences, which are highly condensed and are shielded with histone proteins (25,26). This implies that transcriptionally active genes would be the most frequent target for integration of a transfected gene. The observation of Gruenert (27) . who noted highest transfection efficiency in exponentially growing cells which have a very high transcriptional activity, supports this notion. Indirect support for the involvement of active DNA sequences in integration comes from viral integration studies in which integration is associated with DNAse I-hypersensitive sites. a characteristic of gena actively transcribed (28).
We conclude that random integration in transcriptionally active DNA can explain the location of the integrated plasmid at the periphery of the interphase nuclei.
To study the relationship between the site of integration and the expression of the transfected gene and, second. between the site of integration and the subsequent changes in cell behavior, the fluorescence in situ hybridization was combined with hot banding. To our knowledge this combination has not been described before. The site of the integration, specific or random, can then be assessed on a chromosomal level. Because hot banding is a simple and rapid technique. it can be employed for the analysis of large numbers of transfectants.
The integration site of plasmid pSV2neoEJ in the cell line SW480 EJ2 was localized on a marker chromosome. Xp'. at the site of the translocation (Figure 4) . Analysis of more transfectana will determine whether integration is specific or random on a chromosomal level. With hot banding and fluorescent in situ hybridization, this can be done quickly and efficiently.
In conclusion: (a) nick-translated, digoxigenin-labeled probes in our fluorescence in situ hybridization procedure yielded the most optimal results; (b) the integration site is localized in most interphase nuclei at the periphery, which could be explained by random integration in transcriptionally active DNA; and (c) the combination of hot banding and fluorescence in situ hybridization can be used to localize plasmid integration sita on chromosomes.
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